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Project Objectives SCUBE 3

DDR

Objective MIS 1

A The project shall develop the hardware module and software package required to

achieve a live network connection from a cube satellite in low earth orbit to a

remote ground- based server using the Iridium Core 9523 satellite communication

module

Objective MIS 2

A The project shall further develop and optimize the Tube Deployable Reentry Vehicle

(TDRYV), a threestage reentry vehicle launched from an orbital payload at the Von

Karman altitude
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Mechanical Design



Replace felt material
with high strength
conductive nylon
descent arrestor to
iImprove GPS signal
qguality. Integrate FM
APRS antenna into
struts. Shorten struts
to reduce drag

Replace rail-
mounted end cap
with threaded end
cap

Reconstruct interior
to accept
configurable
electronics tray

Mount GPS and Iridium
Antennas to end cap Iin
addition to drop
mechanism

Replace 3 D printed
body with machined
tube; scale larger to
allow more room for
customization

Introduce threaded
nose cap with
transparent lens




Descent Arrestor
Factor of Safety

144 881 Ib-In

- Pin and hard stop approximated as fixed cantilever end

- Maximum shear and moment calculated for respective stresses

- Factor of safety calculated from stresses and yield strength



Descent Arrestor
Shear and Moment

Shear Diagram Moment Diagram
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Descent Arrestor DR

Bending Stress

Variable Equation Value Unit

Drag Force (Fd) given 15.5LDbf Main Takeaways:
Force on Member (F) Fd/8 1.95LDbf

Dist. Load (w) F perin 1.951bf/in Max Bending Stress
Length of Strut (L) given 12.19In = 24079.98 psi
Width of Strut (b) given 0.25In

Height of Strut (h) given 0.38In Yield Strength = 35000 psi
Area of Strut (A) b*h 0.095in"2

Max Moment (M) (WLA2)/2 144.8811975Ibf-in BEMDRPLDETE R 10
Moment of Inertia (I) b*h*3/12 0.001143167in*4 Bending is primary factor
Dist to NA (yc) h/2 0.19In

Max Bending Stress

(Sigma) M*yc/I 24079.97742Psi

Yield Strength (YS) given 35000Psi

Factor of Safety (FS) YS/Sigma

1.453489735DIim



Descent Arrestor
Pin Double Shear Stress

Variable
Diameter of Pin (D)

Force on Member

Shear Stress (tau)
Yield Strength (YS)

Factor of Safety (FS)

Pin Double Shear

Equation
given

given
4*F/(2*pi*D"2)
given

YS/tau

Value

Unit

0.19In

23.77Lbf

419.2Psi

35000Psi

83.5Dim

SCUBE

DDR

Main Takeaways:

Max Shear Stress
= 419.2 psi

Yield Strength = 35000 psi
Factor of Safety = 83.5

Shear 1s minor factor



Model Overview* Nose Cone &
Main Assembly




Model Overview* Body




Model Overview™ Strut Ring




Manufacturing Plan

A Order
A Main Body
A Strutt Ring
A Struts
A Nose Cone
A Endcap



Design Validation Plan

MECH-2.1.1

MECH-2 2 .1

MECH-2.3.1

MECH-2.3.3

MECH-2 .3 4

MECH-2 3.5

MECH-2.3.6

MECH-2 4 1

TORV shall fit within a 12:x12x30 inch
launcher in collapsed position

The TDRY shall be connected to the
weather balloon via mounting in a tube
release mechanism

TORW midlevel drop will take place above
100 feet

TDRV midlevel drops will take place in safe
environment such as a bridge over a river
to ensure mimimal risk to property as
failzafe

Descent arrestors will deploy upon drop

TDRV descent velocity shall not exceed 25
mph during drop test

Drop tests shall be done in non vertical
angles to ensure ability of arrestors to
safely deploy from non-ideal angles

TDRVY shall su
and correct offset orientation 20 times
consectively in low level drop tests before
moving to mid level drop tests

TDRV shall contain a delayed release
parachute descent arrestor mechanism
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DDR

Prototype drawing file will be drawn to meet
required specifications. Physical protoype
shal be measured at local extrema to
ensure dimesnion specifications are met.
An arresting cable shall connectthe TDRV
to the release tube. The cable will connect
via a mounted platter and linear actuator.

TDRV will be dropped from kibbie dome
camera stand to determine stability of
deployment of descent arrestors

The devils canyon bridge will provide
adaquate height for practical testing

Fins wall inflate automatically under
adaquate air pressure and density

Fluids analysis software will be used to
determine coefficient of drag to a
reasonable precision before physical
protoype is constructed

Launch tube will be place at odd angles
during bridge tests to simulate non-uniform
balloon conditions
Tests will take place dropping the protoype
with minimal electronics to record velocity.
Drops will be done from an elevated
platform

Tests will be conducted to mimick altitmeter
readings to test functionality of drag chute

Once tube parameters are given, the
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TDRV
Electrical Design



Block Diagram Version 2.0

TDRV Actuators

Legend

Actuator Drivers and | PWM /10
Battery Suppl Feedback
ST EN, GPS Flag

5VDC | ” 3.3V UART (i HX1 Radiometrix | FM Antenna

Teensy 3.5 APRS Radio 300mW m—i>
GPIO ‘ | ARM 32B 144 .39 MHz

’ 120MHz
Serial Bus

7.4V LiPo 5V 3A Switching
12C Bus Battery Regulator

Daughterboard MPU-6050

Copernicus I MPL3115A2 IMU with
Module Altimeter Digital Motion
Discrete Component b Faaiaaly

Iridium Power Match Iridium TES Bus
Molex 0436500200 Board Pinout SO0BB-PASK-2(LF)(SN) GPS Antenna

TDRV Controller Board

Version 2.0 SCUBEE
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Component Research SC U B E

DDR
Copernicus II Module(GPS-11858)

Teensy 3.5

> - —
i )
. Y

| Vs & QP - ‘_-
e e
. .

| ©Trimble
63530-00
(LR T

SIN:1136023435

MPL3115A2

o

®

[ AERRA)




Component Research Continued

LM1085 (Voltage Regulator) HX1 Radiometrix

Tes Bus




Current Schematic SCU BE

DDR

TEENSY 3
L12-R Connector ORXIMOSI1 IN
ZPWM 3.3V
3CANO-TXSCL2PWM
ACANO-RXSDAZPWM GND
5PWM
Yellow 6PWM
TRX3PWM
8TX3PWM
GRXZPWM
10TX2PWM
11MOS10
12MISO0
13SCKOLED
14A0PWM RADIOMETRIX-HX1
15A1
7.4V 1642
. 17A3PWM XD
Lipo Battery 18A4SDA0 A22DAC1
GND 2 19A55CLO A21DACO (A%
e 1 20A6PWM
21ATPWM VCC
22A8PWM
23A9PWM | EN

31A12RX4
32A13TX45CK1
33A14TX5
34A15RX5 REGNDZ
35A16PWM RFGND2
36A17PWM RFQUT ~s

37A185CLLPWM RFOUT <

38A19SDA1PWM RFGND FM Antenna Connetor
39420 RFGND

GPS ANTENNA
(®

Molex 0436500200
1 U3 GPS-11858

: T v oo | . MPU-6050
RFIN RESERVEDT p- > SC MPL31 1 5A2 -
GND RESERVEDE - ;
LNA TXD-B
VBAT TXD-A
OFEN RESERVEDS
SHORT RXD-A
RESERVEDL RXD-B
RESERVEDZ PPS
XRESET RESERVEDA
vee RESERVED3
GND XSTANDEY
GND GND

| SOLDEHJUMTMCE

N DVZE W GND
o owy

. = TDRV SCHEMATIC REV: 1.0
£ S06B-PASK-2(LF)(SN)
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Timeline

Expectant Result
Prehmmary Schematic 1s Completed

Smmulation and Correct

2019/2/26 _ Complete Final Schematic

2019/3/5 Snapshot day 3 PCB Board Design

2019/3/20 - PCB Board Test

2019/3/22 - Order Components

N R R

_ Make TDRYV Board

_ Connect with Other Parts
2019/4/26 Design EXPO _




Validation Plan Overview

A Preliminary schematic is confirmed
A Most of components are selected

A Ordering links of selected components are
confirmed



Iridium 9523
Development



Block Diagram Version 2.0 SCU BEHE”

DDR

Legend External Antenna EN, PGD POWER ENTRY

Pe— VDC -TES B I . . 8vDC
S S Bus (| oswa |1 LT3959 Boost Circuit 8VDC | BTS500601 ” MO::G_?B .
; Connector| | icro-Fit 3.
== m= 5VDC - Switched | I S Al IN, VS ,,2 2 pos horizontal
! PWVR W =
- |
8 VDC - TES Battery L : 4 P oc
T
8 VDC - Switched o 1| LCR
2 1 |z | ! IRIDIUM 9523 svDC BTS500601 [
30VDC - 1 30vVDC ';\/'\;JFT .Illlllllllllllll5v16APMIC
Ee— I B— 2
L I | | . LED = IR AP ERE RO ILVD MCP1826T 3.3VDC
3.3VDC I 40 Pin lll-llll-llll-l-.E 3.3V Linear Reg
. I " Header :  Enable PWR, TX Active 2
U.FL U.FL
s [ridium Data Port - 8 bits !' \connector| 1 g Connector -—I TXB0108 rs,:gN b TXB0108 RS-232 TTL e
| . ; -~ . . Molex .1" 70400
. L | _IS|M o NCN4555 8-bit level shift 8-bit level shift ﬁ 9 pos vertical
s [ridium SIM Port - 5 bits - - - SIM Level W/ESD | 2 w/ESD
p— ) shifter P -
s |ridium GPIO Iridium to Board RF Coax 2l i OE IOE
WErEnIIDng = r Ir 30 I SAMD21 SERCOM Port TXB0104 .
[
= SAMD21 GPIO I - ARM 0+ 1 4-bit level shift _ JST PA Seiics
Ir29 32B 48MHz e Ww/ESD TX Active
Mode select L T TX Active I 6 pos rt angle
s SAMD21 Debug/Prg Port Full RX jumper 2

PWR SW SIM Card Holder RST ~ SHDN - Discrete TVS
BTN |_—. SYfEFE)WR TES INTERFACE:
Daughterboard e POWER CONTROL, GPS FLAG, UART, 5VDC, GND
Programming Safe to
Debug or Host Micro . unplug
] Header USB Ir Power LED
Discrete Component sw

Connector Iridium 9523 Carrier Board Details
Version 2.0 SCUBEE NOT FOR FLIGHT

A Boost converter now fed by TES battery
A Addition of boost converter PMIC

A Integration of data and logic power supply into one connector

A Removed external reset, interface is now 3.3/5V configurable UART
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Revised Boost Converter SC U B E

: _ DDR
Simulation Model

A Increased Inductor from 22uH

to 47uH to compensate for

L 3959 Vout

i’@ voltage increase
N sw A Swapped from Tantalum to

IRIDIUM_RF

Cout [Cout1|Cout2|Cout3 0

Ly D;::Rs il il il ~PULSE(0.9.010 0 0..0083 .090) Tantalum' POIymer CapaCitOrS
| to reduce ESR and ripple
S A Reduced ESR allows for more
capacitance

Original Input Current 6.3A RMS A Modeled 10 signals
New Input Current 3.8A RMS
Original Output Ripple 0.15V
New Output Ripple 0.10V




Revised Boost Converter SCU BE : N

Simulation esults

DDR

Worst- Case Scenarlo Test: Cold, Lovxbattery Satellite

Simulation verifies design specifications will be met

Driver IC L T3959
Input Voltage 6.8 VDC 7.4VDC 8VDC

Output Voltage 27 VDC 30 VDC 32 VDC
900 mA 1000 mA




Revised Boost Converter
ldeal Operation

| V(3959 _vout) V(enable)

A Enable goes hlgh

[ [ [ [ ! [ [
[ [ [ [ ] ||] [ [ O [
' ' 1 1 1 1 ' 1 U 1
____________________________ Q
1 ' ' ' ' 3 [ [ [
[ [ ! I [ [ fm [
' [ [ Y [ ';q 1
]

voltage IS W|th|n reqmrements

A Tantalum Polymer capamtors

Enable Slgnal- Red

/ Pgood Slgnal




Carrier Board Schematic
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TTLE Iridium Carrier

Document Author: REV:

Avery Brock 1

Date: 2/1/2019 11:20 PM ‘ Sheet: 1/3




Carrier Board Schematic
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HTEE Iridium Carrier

Document Author:

Date: 2/1/2019 11:20 PM

Avery Brock 1

REV:

‘ Sheet: 2/3




Carrier Board Schematic
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HTEE Iridium Carrier

Document Author: REV:

Avery Brock 1

Date: 2/1/2019 11:20 PM ‘ Sheet: 3/3
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Carrier Board Layou
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Full PCB

PCB Top Layers




Carrier Board 2- D Renders

=N oY
ooo OOOO OOOO 5V 600D 0600 oKol(e) @16 Bus Voltage
L * :I_ TES BUS | +3.3V
DISABLED L
O 0 i 000
O _ &= STATUS TES BUS =
0.0 . — = T IRIDIUM ENABLE
DO NOT USE WITHOUT ANTENNA DHEE . us.B_;x c18 £
R13E B M- | N | )
SN _IIIIIIIIIIII= BOOST EN.
R1sH W H:H = =3m
uC 600D = =]
LR F LEm = =
12C GOOD Smm w SN
R15l H H-E q-| m- | FBL
—— AL mEiEE
[ (] | 5 26
RESET "ol WITISE
SE EM:MIR 5V GOOD

u. - .

IR35

sl e T iy
Engineering 000 1 ooooooooo D1 B:.gm
ICapstone 2019 PR mioiuw Rs=232 3.3v 1L 5
Team SCUBEE
da] ¥
136 components all rated for neafrspace
0605 standard package size ®
22 test points, 15 LEDs, 6 configuration jumpers = °
= O
= O

12 (11

BATT PWR

31

SCUBE

DDR

Full PCB: 150x70mm
#4 mounting holes 5mm from corners

RF via stitching along perimeter

B mE "
(o)
T O3z, L T
ﬂ. U = = g o.u [ g g g g !g g
o ® R15H B TIII-I-J
000 & LI TR O O
TPi6 Tp21 _R21 O Lo +5 o
¢ ’g: : : clliaye psENABL
25 RISShi= T W38 YARTR O o
EIIIIIII-El W WR17 S
m nﬂo
D IRIDIUM SIM
(s o N l\ Engineering
I O Capstone 2019
°m
] N  w, PEs Team SCUBEE
o oTe2e an 0 Eﬁ Iridium 9523 Carrier Board
] = o Z4| Designed by Avery Brock
s I TF9 SAMD21 Arduino M@ Compatible
= = 5VDC ~1A 8VDC ~5A
T— = TES Bus:
- = T 3.3 or SV TTL UART
] BB N 03 188 33!.%\::2 3.3-5V Master Enable
u U R3T—— RS-232 Header: 3.3V TTL R$S-232
TPi2g - .
us g €28 LE BE g o | | ll | $X1599 12C Bus Expander
TE [ l__33(|:J|.|]R TPe LT3959 36V 1A DC-DC
m. 000000000 Jd:005 | Osslasls: EJ:;;
.u 2228 e g Sm RO
o @& a [=] m

WARNING: HIGH-POWER RF TRANSMITTER '® '&
DO NOT OPERATE IN PROXIMTY OF GPS DEVICES.



Carrier Board 3-D Renders
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